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(54) SLIDE MEMBER AND MANUFACTURING METHOD THEREOF 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a slide member excellent in wear resistance which can be expected to 
have sufficient durability even under a sever condition in the application of fuel direct injection, EGR(exhaust gas 
recirculation), or the like for reducing the C02 and NOx in exhaust gas of an engine for automobile or the like and 
improving the fuel consumption. 

SOLUTION: This slide member comprises a film formed of a mixed composition of a crystal phase of metal nitride, 
metal carbide or metal carbonitride and an amorphous phase applied on a base material. The slide member is 
manufactured by bringing the base material into contact with a metal vapor or reaction gas by PVD method. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The slide member which comes to cover the coat which consists of a mixed organization of the crystal 
phase and amorphous phase which consist of a metaled nitride, metaled carbide, or metaled carbon nitride on a base 
material. 

[Claim 2] The slide member according to claim 1 to which the rate of the crystal phase of this coat is characterized 
by being an amorphous phase about the remainder at 5 to 95%. 

[Claim 3] The slide member according to claim 1 or 2 characterized by being the magnitude whose particle size of 
the crystal phase of this coat is 1nm - 100nm. 

[Claim 4] A slide member given in claim 1 thru/or any of 3 they are. [ which is characterized by the Knoop hardness 
of this coat being degrees of hardness from 2000 to 8000 ] 

[Claim 5] the crystal of this coat — the [, such as Ti and Cr, / periodic table ] — the nitride of IVa, Va, and a Via 
group element, carbide or carbon nitride, and an amorphous phase — the [, such as Si, / periodic table ] — claim 1 
characterized by being the nitride, carbide, or carbon nitride of IHb and an IVb group element thru/or 4 — a slide 
member given in any they are. 

[Claim 6] The piston ring characterized by using a slide member given in any [ claim 1 thru/or ] of 5 they are. 
[Claim 7] SIMM of the cam SIMM characterized by using a slide member given in any [ claim 1 thru/or ] of 5 they 
are. 

[Claim 8] The manufacture approach of the slide member characterized by forming [ in / for any / claim 1 thru/or / 
of 7 their being / a slide member given in 1 term ] said coat by contacting metallic fumes, reactant gas, and a base 
material by PVD. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] The slide member of engines, such as various industrial machines and a transportation 
device, and an automobile engine especially the SIMM (cam follower) of cam SIMM, and the piston ring are targetted 
for this invention. 
[0002] 

[Description of the Prior Art] An advanced antiwear characteristic is required of the piston ring used for a 
reciprocation internal combustion engine. So, the piston ring which made the hard-chromium-plating layer form in a 
sliding surface for the purpose of giving an antiwear characteristic to the piston ring has been used abundantly from 
the former as the piston ring for internal combustion engines. By the way, an internal combustion engine is in 
improvement in the speed and the trend which carries out a high increase in power increasingly, therefore the 
service condition of the piston ring is also becoming still severer in recent years. Therefore, the coat which consists 
of m.xing of CrN and Cr2N in JP.7-286261 .A is indicated, for example, and the Vickers hardness number of this coat 
is about 1 700 Hv. 

[0003] On the other hand, generally about the cam SIMM which is an internal combustion engine's valve gear the 
carbur.zation hardening material of alloy steel is used with alloy cast iron and SIMM by the cam. In order to aim at 
reduction of surface roughness, the example which coated SIMM with the high degree-of-hardness thin film is 
indicated by JP,5-163909,A. This mirror-plane-izes the cam side of the other party with the coat of a high degree 
of hardness formed in SIMM, and reduces frictional resistance. TiN is suitable as this high degree-o^hardness thin 
film the purport publication is carried out (refer to example). 

^^l.™" 8, ° rder t0 lmprove the abraslon resistance of the piston ring and SIMM, in addition to chrome plating 

the TiN coat etc. has been examined by SIMM, such as a CrN coat, with the piston ring 

[0005] 

[Problem(s) to be Solved by the Invention] However, these coats were not able to expect endurance sufficient in a 
severe condition when the fuel direct injection for important C02 in motor exhaust, NOx reduction and the 
improvement in fuel consumption and EGR (recirculation of exhaust gas) are applied from a viewpoint of 
environmental preservation and energy saving. Then, this invention aims at covering the coat with which the life 
more than an engine is acquired conventionally also with severe wear conditions, such as fuel direct injection for 
C02 ,n motor exhaust, NOx reduction, and the improvement in fuel consumption, and EGR (recirculation of exhaust 
gas), to a base material, and obtaining the slide member of high endurance. In addition, the severe condition is 
similarly called for with internal combustion engines other than an automobile, and it aims at obtaining the slide 
member of high endurance. 
[0006] 

[Means for Solving the Problem] The percentage of the crystal phase of this coat is 5% to 95% the slide member by 
which this invention comes to cover the coat which consists of a mixed organization of the crystal phase and 
amorphous phase which consist [ 1st ] of a metaled nitride, metaled carbide, or metaled carbon nitride on a base 
material, and the 2nd. The slide member according to claim 1 characterized by being an amorphous phase about the 
remainder, The slide member characterized by being the magnitude whose particle size of a crystal phase is 1nm - 
100nm in the above-mentioned slide member the 3rd, It sets to the above-mentioned slide member the slide 
member characterized by Knoop hardness forming the coat of the degrees of hardness from 2000 to 8000 in a front 
face in the above-mentioned slide member the 4th, and the 5th. as a crystal phase — the [, such as Ti and Cr / 
periodic table ] — the nitride of IVa, Va, and a Via group element, carbide, or carbon nitride — as an amorphous 
phase — the [, such as Si, / periodic table ] — the slide member made into the nitride, carbide, or carbon nitride of 
Illb and an IVb group element — The piston ring characterized by using the above-mentioned slide member for the 
6th the cam follower characterized by using the above-mentioned slide member for the 7th, The above-mentioned 
technical problem is solved by offering the manufacture approach of the slide member characterized by forming said 
coat by contacting metallic fumes, reactant gas, and a base material by PVD in the SIMM of cam SIMM, and a slide 
member given [ above-mentioned ] in the 8th 
[0007] 

[Embodiment of the Invention] In the coat which consists of a mixed organization of the crystal phase and 
amorphous phase which consist of a metaled nitride, metaled carbide, or metaled carbon nitride, migration of an 
important rearrangement takes place within a crystal phase by destruction of a coat. Since the grain boundary is an 
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amorphous phase even if a rearrangement moves to the grain boundary, migration of a rearrangement is prevented 
there. Therefore, a degree of hardness (reinforcement) rises. Although generating of a crack is mentioned as an 
important element in connection with other destruction, in this invention, it is thought that generating of a crack 
takes place by the amorphous phase, and the magnitude is limited for the grain boundary. Thus, the coat of a high 
degree of hardness (high intensity) is obtained, and the slide member which comes to cover this coat on a base 
material can solve the above-mentioned technical problem. In the coat which consists of a mixed organization of a 
crystal phase and an amorphous phase preferably, the above-mentioned technical problem is solvable by considering 
as the coat with which the percentage of a crystal phase is 5% to 95%, and uses the remainder as an amorphous 
phase. At less than 5%, an amorphous phase has too many crystal phases, a crack becomes large too much, and a 
degree of hardness falls. Moreover, if a crystal phase is larger than 95%, the plastic deformation of a crystal phase 
will happen easily and sufficient degree of hardness (reinforcement) will not be obtained. A crystal phase carries out 
comparatively and it is 10% to 70% more preferably. 

[0008] By restricting the particle size of a crystal phase to the magnitude of 1nm - 100nm still more preferably, 
generating in crystal grain of a rearrangement is suppressed as much as possible, and the above-mentioned 
technical problem can be solved by the degree-ol^hardness rise by grain refining. The grain boundary becomes it 
long that the diameter of crystal grain is less than 1nm, a crack tends to enter, and a degree of hardness does not 
improve on the contrary. Moreover, if the diameter of crystal grain is larger than 100nm, it will become easy to 
deform a crystal phase plastically, and sufficient degree of hardness (reinforcement) will not be obtained. The more 
desirable range of the diameter of crystal grain is 1-1 Onm. 

[0009] It is good to specify Knoop hardness still more preferably. It becomes more effective as a slide member by 
restricting a coat degree of hardness to the degree of hardness to Knoop hardness 2000-8000 preferably. It is 
Knoop hardness 3000-8000 more preferably. 

[0010] the above thing — embodying — hitting — desirable — as a crystal phase — the [, such as Ti and Cr, / 
periodic table ] — the nitride, carbide, or carbon nitride of IVa, Va, and a Via group element — carrying out as an 
amorphous phase — the [, such as Si, / periodic table ] — it considers as the nitride, carbide, or carbon nitride of 
an IVb group element. 

[001 1] It is effective if the nitride, carbide, or carbon nitride of Si is more preferably chosen as the nitride of Cr, 
carbide or carbon nitride, and an amorphous phase as a crystal phase. 

[0012] If these coats are applied to the SIMM of the slide member for automobile engines especially the piston ring, 
and cam SIMM, effectiveness will show up notably. 

[0013] About the production approach of these coats, it can form by making the mixed organization of the nitride of 
the metal which is a crystal phase, metaled carbide or metaled carbon nitride, the nitride of the metal which is an 
amorphous phase, metaled carbide, or metaled carbon nitride generate in the vacuum evaporationo process of the 
metallic fumes which mixed a chromium metal, titanium metal, or silicon in PVD, the nitrogen-gas-atmosphere mind 
decompressed preferably, or a hydrocarbons gas ambient atmosphere, such as methane. 
[0014] Although the example of this invention is shown below, this invention is not restricted at all by them. 
[0015] ^ 

[Example 1] As a metaled nitride, the nitride of Cr and the nitride of Si were chosen and membranes were formed by 
the ion plating method which is one sort of PVD using the mixed metal of Cr-Si. The target which specifically mixed 
Cr and Si was prepared and membranes were formed on condition that the following by the arc type ion plating 
method. 

[0016] arc current: — 150A bias voltage: — 100VN2 pressure: — 2.66Pa [0017] Consequently, the nitride of a 
crystal phase and Si was able to obtain [ the nitride of Cr ] the compound coat of an amorphous phase. The disk 
made from stainless steel or the disk made from a chromium molybdenum steel which is the disk test piece of a 
ball-on disk trial was coated with this coat by about 3-micrometer thickness, and the ball-on disk friction abrasion 
test was carried out with the ball made from an alumina (refer to drawing 1 ). Friction abrasion test conditions are 
shown in Table 1. 
[0018] 
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[0019] The result was shown in Table 2 and Table 3, respectively, having prepared the chromium molybdenum steel 
without chrome plating material, a TiN coating material, a CrN coating material, and a coat as comparison material, 
having set chrome plating to 100 at the trial for the piston rings, and having used the chromium molybdenum steel 
as 100 at the trial for SIMM. 
[0020] 
[Table 2] 
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[0022] It turns out to chrome plating that abrasion loss is reducing TiNCrN or less to 1/2. It turns out to it that 
abrasion loss reduces this invention article further, and it has become 1/5 or less to chrome plating and a chromium 
molybdenum steel. Since 5 or more times of the chrome plating which is the present condition as a severe condition 
when fuel direct injection and EGR (recirculation of exhaust gas) are applied, and a chromium molybdenum steel are 
told the severe condition, in this friction test, relative abrasion loss is 10 and 17, respectively, and it turned out that 
this example satisfies conditions. 

[0023] The X diffraction of the coat of this invention article was carried out. A result is shown in drawing 2 . Only 
the peak of CrN is observed, and the peak of Si3N4 is not seen but is considered to be the compound coat of the 
crystal phase of CrN, and the amorphous phase of Si~N. The lattice image was not observed by the nitriding section 
of Si, although observation according [ this ] to a transmission electron microscope was also supported and the 
lattice image was observed about CrN. 

[0024] Moreover, Cr of a target and the mixed rate of Si were changed suitably, and the rate of a crystal phase and 
an amorphous phase was changed, the crystal phase at that time — the relation of relative abrasion loss is 
comparatively shown in Table 4. Consequently, relative abrasion loss is as large as 30 or more in the percentage of 
a crystal phase being 3%, and endurance sufficient in a severe condition when the fuel direct injection for important 
C02 in motor exhaust, NOx reduction, and the improvement in fuel consumption and EGR (recirculation of exhaust 
gas) are applied cannot be desired from a viewpoint of the environmental preservation and energy saving which are 
the technical problem which this invention tends to solve. Moreover, if [ increase a crystal phase and ] 6%, relative 
abrasion loss will become 18 or less, and the endurance in the above-mentioned severe condition will be acquired. 
On the other hand, if [ at 94%, relative abrasion loss is 1 7, the rate of a crystal phase increases the rate of a crystal 
phase further, although the endurance in the above-mentioned severe condition is acquired, and ] 98%, relative 
abrasion loss will become 50 or more, and endurance will get worse. Since the endurance in the above-mentioned 
severe condition was acquired when the rate of a crystal phase/amorphous phase became suitable as it was also in 
the explanation of the rate of a crystal phase/amorphous phase, and the relation of a coat degree of hardness 
(reinforcement) mentioned above, the rate of a crystal phase was made into 5 to 95%. 
[0025] 
[Table 4] 
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[0026] When the rate of a crystal phase is examined more finely, as shown in Table 4, relative abrasion loss is 1 7 as 
the percentage of a crystal phase is 9%, but if the rate of a crystal phase considers as 12%, 11 or less will be the 
relative abrasion loss. Moreover, although relative abrasion loss is as low as 10 in the percentage of a crystal phase 
being 65%, if the rate of a crystal phase considers as 72%, 16 or more will be the relative abrasion loss The rate of a 
crystal phase could be 10 to 70% more preferably from this. 

[0027] Next, membrane formation conditions were changed suitably and the particle size of the crystal phase of a 
coat was changed. The diameter of crystal grain at that time and the relation of relative abrasion loss are shown in 
Table 5. As a result, the diameter of crystal grain cannot expect endurance sufficient in the above-mentioned 
severe condition with as large relative abrasion loss as [ or more ] 30 by 0.6nm. If [ enlarge the diameter of crystal 
grain and ] 1.5nm, it will become 11 or less relative abrasion loss, and endurance becomes enough also by the 
above-mentioned severe condition. On the other hand, although the diameter of crystal grain is enlarged it is 19 or 
less relative abrasion loss and 95nm of endurance is enough also at the above-mentioned severe condition if 
L enlarge further and ] 108nm. it will become 50 or more relative abrasion loss, and endurance will become ' 
inadequate. As desirable range of the diameter of crystal grain, it could be 1 to 100nm these results 
[0028] Although relative abrasion loss is 1 1 or less as the diameter of crystal grain is 8nm as shown in Table 5 when 
the diameter of crystal grain is examined more finely, relative abrasion loss becomes that the diameter of crystal 
[0029] S 12nm ^ m ° re W ' th 1? ' d ' ameter ° f Crystal grain cou,d be 1 t0 10nm more Preferably from this. 
[Table 5] 
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[0030] Furthermore membrane formation conditions etc. were changed and the Knoop hardness of a coat was 
changed. The Knoop hardness of the coat at that time and the relation of relative abrasion loss are shown in Table 
6. Consequently, relative abrasion loss is as large as 40 at 1600. and the Knoop hardness of a coat has the 
inadequate endurance of the above-mentioned severe condition. If [ furthermore raise a degree of hardness and ] 
2500, relative abrasion loss will fall with 17 and endurance sufficient also by the above-mentioned severe condition 
will be acquired. Although relative abrasion loss becomes 12 or less and the above-mentioned severe condition is 
also durable when [ on the other hand, raise a degree of hardness further, and ] 7500, when it went up and the 
degree of hardness was further set to 8600, as it mentioned above, it becomes weak, and relative abrasion loss 
increases on the contrary, and becomes 40 or more, and the above-mentioned severe condition is not enough as 
endurance. As range of desirable Knoop hardness, it was referred to as 2000 to 8000 these results. 
[003 1 ] 
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[Table 6] 
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[0032] When a degree of hardness is examined more finely, relative abrasion loss is 13 or less as Knoop hardness is 
3500 as shown in Table 6. The range of more desirable Knoop hardness was set to 3000 to 8000 from this. 
[0033] 

[Example 2] As a metaled nitride, the nitride of Ti and the nitride of Si were chosen and membranes were formed by 
the ion plating method which is one sort of PVD. Consequently, the nitride of a crystal phase and Si was able to 
obtain [ the nitride of Ti ] the compound coat of an amorphous phase. The disk made from stainless steel or the 
disk made from a chromium molybdenum steel which is the disk test piece of a ball-on disk trial like an example 1 
was coated with this coat by about 3-micrometer thickness, and the ball-on disk friction abrasion test was carried 
out with the ball made from an alumina (refer to drawjng 1 ). Friction abrasion test conditions are shown in Table 1. 
Moreover, the abrasion test result of having expressed Table 2 and a chromium molybdenum steel for the abrasion 
test result of having expressed chrome plating as 100, as 100 is shown in Table 3. 

[0034] It turns out that the abrasion loss of this invention article has become 1/5 or less to chrome plating and a 
chromium molybdenum steel. Since 5 or more times of the chrome plating which is the present condition as a 
severe condition when fuel direct injection and EGR (recirculation of exhaust gas) are applied are told the severe 
condition, in this friction test, it is up to the relative abrasion loss 12 and 10, and it turned out that this example 
satisfies conditions. 
[0035] 

[Example 3] As metaled carbon nitride, the carbon nitride of Ti and the nitride of Si were chosen and membranes 
were formed by the ion plating method which is one sort of PVD. Consequently, the nitride of a crystal phase and Si 
was able to obtain [ TiCN ] the compound coat of an amorphous phase. The friction test was carried out for this 
coat on an example 1 and these technique said conditions. The result is shown in Table 2 and Table 3. This example 
is up to the relative abrasion loss 15 and 12, and it turned out that this example shows the abrasion resistance of 5 
times or more of the present condition, respectively, and conditions are satisfied. 
[0036] 

[Example 4] As metaled carbon nitride, the carbon nitride of Cr and the nitride of Si were chosen and the CrSiCN 
coat was formed by the ion plating method which is one sort of PVD. Consequently, the nitride of a crystal phase 
and Si was able to obtain [ CrCN ] the compound coat of an amorphous phase. The friction test was carried out for 
this coat on an example 1 and these technique said conditions. The result is shown in Table 2 and Table 3. This 
example is up to the relative abrasion loss 1 1 and 12, and it turned out that this example shows the abrasion 
resistance of 5 times or more of the present condition, respectively, and conditions are satisfied. 
[0037] 

[Effect of the Invention] The coat with which the life more than an engine is conventionally acquired also on severe 
wear conditions when the fuel direct injection for C02 in motor exhaust with chrome plating, and conventional TiN 
and a conventional CrN coat inadequate [ endurance ] and NOx reduction, EGR (recirculation of exhaust gas), etc. 
are applied by this invention can be obtained. 
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